SUMMARY: This study assesses the effects of a trawling ban on the diet and trophodynamics of the hake Merluccius merluccius by comparing stomach contents and stable isotopes (δ 15 N and δ 13 C) in two trawled gulfs and one untrawled gulf in northern Sicily (western Mediterranean). Comparisons were made for three size classes of hake encompassing 60 to 410 mm total length. Fish were collected from 50 to 200 m depth on muddy bottoms. The diets of hake of small and medium size were similar overall but more selective in the untrawled gulf. Greater differences were detected between the diets of larger specimens from trawled and untrawled areas. In the untrawled gulf large hake mainly preyed on clupeoid fish, while in the trawled gulfs other fish prey were found in the stomach contents. δ 15 N values of hake did not vary significantly between trawled and untrawled areas, while there was a clear effect of size, with larger individuals being significantly more enriched than juveniles. Conversely, δ 13 C values were generally more depleted for individuals collected in the untrawled area, suggesting a more pelagic source of carbon. The results from the mixing model agree fairly well with the known feeding habits found for each size class in each area.
INTRODUCTION
Trawling has many effects on marine ecosystems, including reduction of fish abundance and mean body size, decrease in diversity Hall 1996, Bianchi et al. 2000) and physical habitat damage (Jennings and Kaiser 1998) . Trawling modifies the ecosystem structure and species interactions, with nu-merous consequences including changes in the trophodynamics. A mix of direct and indirect effects is often observed at the food web level, the main one being a decrease in the mean trophic level as a consequence of the removal of larger individuals, which are generally predators (Bianchi et al. 2000 , Pauly et al. 1998 . Changes in the diet of fish can occur because of extra supply of organic matter from organisms killed or injured by the trawl gear and from discards that become food for opportunistic species (Kaiser and Spencer 1994) . A significant change in feeding habits was observed in juvenile plaice Pleuronectes platessa because of bottom disturbance that increased the abundance of small infaunal invertebrates (Hiddink et al. 2008) .
The physical impact of trawl gear on the seafloor also disturbs the sediment and affects its resuspension with the consequent release of buried organic matter (Smith et al. 2000 , Olsgard et al. 2008 ). This may become an alternative source of energy, leading to an increase in the abundance of benthic motile suspensiondeposit feeders (e.g. some amphipods and cumaceans), which in turn are a food source for many benthopelagic fish (Jennings and Kaiser 1998) . Persistent trawling may also benefit short-lived benthic organisms that represent important items in the diet of demersal fish (Engel and Kvitek 1998) .
Total or partial no-take zones provide useful control areas for investigating the dynamics of recovery from fishing (Murawski et al. 2000 , Badalamenti et al. 2002 . Increase in fish biomass in recovered areas may lead to higher intra-and interspecific competition as soon as fish density approaches the carrying capacity of the ecosystem (Sánchez Lizaso et al. 2000) . One possible effect of increased competition is a diet shift towards resources that are usually less exploited (Ward et al. 2006 , Svanbäck et al. 2008 . The Gulf of Castellammare is a no-trawl area where a clear recovery of the shelf demersal fish biomass has been recorded (Pipitone et al. 2000) and the effects of protection on the trophodynamics of fish has been investigated , Fanelli et al. 2009b , 2010 . The hake Merluccius merluccius (L., 1758), one of the most important commercial species from Mediterranean muddy bottoms (Oliver and Massuti 1995) where it is heavily exploited (FAO 2005 , Lloris et al. 2005 , underwent a 4.7-fold average increase on the shelf of the Gulf of Castellammare as a consequence of the trawling exclusion (Pipitone et al. 2000) . The hake is a predator (Bozzano et al. 2005 , Carpentieri et al. 2005 living between 20 and 1000 m but more abundant on the lower shelf and upper slope (Relini et al. 1999) . It actively preys on fish, crustaceans and cephalopods, showing an opportunistic feeding strategy (Pillar and Barange 1993, Bozzano et al. 2005) . The high variability of its feeding habits is probably an evolutionary consequence of its wide bathymetric distribution (Cartes et al. 2004 , Carpentieri et al. 2005 . Like most fish species, hake undergo ontogenetic dietary changes: young hake of up to 11 cm total length feed exclusively on euphausiids and mysids, while those between 12 and 16 cm feed on nektobenthic decapods and to a lesser extent on small fish and cephalopods. The diet of larger hake is exclusively based on pelagic and nektobenthic fish (mainly clupeoids and gobiids, respectively) (Carpentieri et al. 2005) . Furthermore, juvenile hake undergo nycthemeral vertical migrations characterized by a nocturnal upward movement along the water column (Orsi Relini et al. 1997 ) which affects their feeding strategy (Modica et al. 2011) .
This study makes use of stomach content analysis and stable isotope analysis from three areas of the western Mediterranean subject to different trawling pressures to assess the effects of a trawling ban on the diet and trophodynamics of hake. Comparisons were carried out on three size classes of hake, and for each of these a different hypothesis was postulated:
For the first size class, represented by smaller hake feeding mainly on pelagic invertebrates (Carpentieri et al. 2005 ), we do not expect any difference in the diet between trawled and untrawled areas because their prey is not affected by bottom trawling.
For the second size class we expect a large dietary contribution from nektobenthic decapods in the trawled areas, as recorded in other fishing grounds (Carpentieri et al. 2005) , while in the untrawled area we expect a more diversified diet with a significant contribution from pelagic and nektobenthic prey because of higher inter-and intraspecific competition and wider prey availability caused by the absence of trawling impact.
For the almost exclusively piscivorous larger hake belonging to the third size class we expect a high feeding intensity on nektobenthic fish in the trawled areas. In the untrawled area hake may well be submitted to higher intra-and interspecific competition due to higher fish biomass, so they are expected to differentiate their diet by exploiting both nektobenthic and pelagic resources.
MATERIALS AND METHODS

Study site
The study was carried out in three areas located along the northern coast of Sicily (western Mediterranean), the Gulfs of Castellammare (GCAST), Termini Imerese (GTERM) and Sant'Agata (GSANT) (Fig. 1) . GCAST is a fishery exclusion zone which has been subject to a trawling ban since 1990 (Pipitone et al. 2000) . At GTERM and GSANT trawling is normally practiced at a depth greater than 50 m, according to the national legislation. These two gulfs are heavily exploited by a large trawling fleet and can be considered subject to comparable trawling effort and both overfished (Greco 1994) . The three areas are characterized by central sandy shores with rocky cliffs at the outer edges and by soft bottoms, except immediately below the cliffs where rocky substrates dominate. According to Fanelli et al. (2011) trophic (chlorophyll a concen-tration) and chemical-physical conditions (temperature, salinity) are similar in the three areas.
Sample collection
Hakes were collected by bottom otter trawl using a hired professional fishing vessel between 17 May and 14 June 2005 on muddy bottoms at 50 to 200 m depth during daytime.
Benthopelagic macrofauna, which is a known food resource for hake, was sampled at the same time and site by means of a modified Macer-GIROQ suprabenthic sledge and data were used in the mixing model (see below). Fish and suprabenthic samples were frozen on board immediately after collection, and then transferred to the laboratory.
Sample treatment and stomach content analysis
In the laboratory hakes were individually measured and weighed. In order to reach a representative sample size for stomach content analysis we decided to collect 30 full stomachs for each area and for each of the following three size classes: class I from 60 to 120 mm total length (TL), class II from 121 to 220 mm TL, and class III from 221 to 410 mm TL. Stomachs that externally appeared full after dissection were removed and preserved in 80% ethanol. For class III from GTERM only 12 full stomachs were analysed due to low abundance of hake in the catch. Preys in each stomach were identified to the lowest possible taxonomic level, counted and weighed (precision: 0.0001 g). Fragmented prey count was based on the number of eyes, mouth parts, telsons, otoliths or other anatomical parts traceable to single specimens.
Individuals in benthic samples were identified to the lowest possible taxonomic level, counted, weighed and prepared for stable isotope analysis (Fanelli et al. 2009a ).
Data analysis
In order to investigate the hake population structure in the three gulfs, a length-frequency plot was made using density data (ind. km -2 ). A comparison of density data on the two orthogonal factors Gulf and Size was then performed using a univariate PERMANOVA (Anderson 2001) carried out on Euclidean distances.
For stomach content analysis the following indices of prey importance were calculated (see Hyslop, 1980 for a review): per cent frequency of occurrence (%F), per cent numerical composition (%N), per cent gravimetric composition (%W) and index of relative importance (IRI)=(%N+%W)×%F (Pinkas et al. 1971) , expressed as %IRI=(IRI/∑IRI)×100. In the results we reported (%N) and (%IRI) of each prey item in each size class of hake in each gulf and for all the statistical comparisons we used (%N).
In order to ordinate stomachs on the basis of their correlation with the factors Gulf and Size, a CCA plot (Correlative Correspondence Analysis: Anderson and Willis, 2003) was performed on a modified Gower resemblance matrix based on fourth-root transformed numerical abundance data of prey items. Prey with a higher value of correlation, responsible for allocation of stomach in the plot, were superimposed in the graph.
Based on the null hypothesis that there are no differences in the diet of hake between untrawled and trawled areas and within size classes, an asymmetrical PERMANOVA design (Anderson 2001 ) was performed on three factors: factor 1 Trawl, fixed with 2 levels (Tr and UTr, i.e. trawled and untrawled); factor 2 Gulf, random with 3 levels (GCAST, GTERM and GSANT) nested in Trawl; factor 3 Size, fixed with 3 levels (I, II and III) crossed with Trawl and Gulf.
All identified prey items were grouped in ecological categories based on their habitat, feeding habits and life cycle as follows: long life span benthic carnivores (LLSBC), short life span benthic carnivores (SLSBC), pelagic planktivorous fish (PPF), planktonic planktivorous invertebrates (PPI) and suprabenthic suspensiondeposit feeders (SBSF) ( Table 1 ). For each category the per cent numerical contribution per area and size class of hake was calculated. The allocation of prey to the above categories was based on Fishbase (http:// www.fishbase.org) for fish, on Sealifebase (http:// www.sealifebase.org) for cephalopods and on bibliographic data (Sainte-Marie and Brunel 1985 , Cartes et al. 2002 , Fanelli et al. 2009a for crustaceans.
Trophic niche breadth was calculated by means of the Levin standardized index (Krebs 1989) as follows:
where B i is the Levin standardized index for predator i, p ij is the proportion of prey j in the diet of predator i, and n is the number of prey categories. This index varies from 0 to 1, with low values indicating a diet dominated by few preys (a specialized feeder) and high values indicating a diet dominated by numerous preys (a generalist feeder) (Gibson and Ezzi 1987) . 
Stable isotope analysis
A portion of white muscle below the dorsal fin was taken from three replicate hake of a similar size from each size class (93.0±1.9 mm for class I; 166.6±33.2 mm for class II; 273.6±60.9 mm for class III) and prepared for nitrogen and carbon stable isotope analysis. Samples were oven-dried to constant weight at 60°C, then ground to a fine powder and weighed into tin cups. Using continuous flow, the samples were placed in a Finnigan Delta XP-plus isotope ratio mass spectrometer for isotopic analysis. Three capsules of a certified internal standard were analysed at the beginning of each sequence as well as one in every six samples, to compensate for machine drift and as a quality control measure. δ 13 C and δ 15 N values were expressed in parts per thousand (‰) relative to Vienna Pee Dee Belemnite (vPDB) and atmospheric N 2 standards, respectively, according to the following formula: δ 13 C or δ 15 N = [(R sample /R standard ) -1]×10 3 where R= 13 C/ 12 C or 15 N/ 14 N.
Since lipids were not extracted from fish tissues in our study, δ 13 C values were normalized for lipid concentration according to Kiljunen et al. (2006) . Thus, δ 13 C values of untreated (i.e. not defatted) samples were converted to normalized δ 13 C (δ 13 C lipidfree ) following the lipid normalization model of McConnaughey and McRoy (1979) based on two equations, where Equation 2 was modified as follows:
where L is the proportional lipid content in the sample, C and N are the proportions of carbon and nitrogen in the sample, δ 13 C U is the untreated value in the sample, D is the isotopic difference between proteins and lipids (re-estimated by Kiljunen et al. 2006 as equal to 7.018±0.263) and I is a constant (assigned a value of 0.048±0.013 by Kiljunen et al. 2006) . The δ 13 C lipidfree values obtained with this method were compared with those generated by the equation proposed by Logan et al. (2008) :
Hereafter we have used the term model 1 for Equation 2 and model 2 for Equation 3.
Trophic level estimates
According to the literature (Bozzano et al. 2005 , Carpentieri et al. 2005 , hake is connected to a pelagic food web, so copepods were chosen as reference material for the trophic level (TrL) estimate. δ 15 N values of hake were converted to TrL based on the assumption that there is a fractionation of ca. 3.4‰ per trophic level (Minagawa and Wada 1984, Post 2002) and that the reference material (calanoid copepods, mean δ 15 N=3.5±0.5) have a trophic level of 2: (Pauly et al. 2000) and the two estimates were compared.
Mixing models
The limitations of using geometric procedures to determine dietary contributions of three or more food sources using δ 13 C and δ 15 N (Philipps 2001, Schindler 2003) . IsoSource employs a mass balance approach to estimate the range of all possible diet proportions from 0% to 100% for as many as ten contributing food sources. The IsoSource user supplies the isotopic signatures of the sources (the prey) and the mixture (in our case the hake), along with the desired source increment (1%) and the mass balance tolerance (0.1‰).
The output files include all the feasible source combinations, with histograms and descriptive statistics on the distributions for each source. Isotopic signatures of the sources include the isotopic values of the dominant items in the diet throughout the whole sampling period (data of prey species used in the mixing model are available in Fanelli et al. 2009a Fanelli et al. , 2011 authors' unpubl. data) . We also considered a per-step 3‰ trophic fractionation between hake and their prey according to Post et al. (2002) . For mixing model computations, δ 13 C lipidfree values were used.
RESULTS
Population structure and density
Length-frequency data of hake ( Fig. 2) showed a two-mode distribution at GCAST, one including fish of 50-130 mm and the other including fish of 160-330 mm. Length frequencies in the trawled gulfs showed only one mode (50-130 mm) and very low density values in larger size groups.
Univariate PERMANOVA (Table 2A) showed a significant interaction between the factors Gulf and Size. The pairwise comparison showed significantly higher density of class II and III hake in GCAST than in GSANT and GTERM, while no difference was detected for class I hake.
Spatial variations in stomach contents
A total of 768 prey items belonging to 44 taxa were identified in the stomach contents of hake from the three areas (Appendix 1). The diet of class I hake was dominated by euphausiids in the three areas, with a higher amount in GTERM (70.63%N, 53.72%IRI) than in GSANT (62.94%N, 46.91%IRI) and GCAST (58.14%N, 57.88%IRI) (Fig. 3A) . Mysids contributed to the diet of hake in all areas, especially in GCAST (15.12%N for total mysids). Shrimps (especially Chlorotocus crassicornis and Processa sp.) and fish (especially Lesueurigobius suerii and Gadiculus argenteus) were secondary items in the diet of smaller hake.
The diets of class II hake (Fig. 3B) were similar in the three gulfs, with some differences in the contribution of the main prey. In GCAST hake preyed mainly on Sardina pilchardus (32.69%N, 64.83%IRI) and on unidentified fish (26.92%N, 25.10%IRI), while other fish, euphausiids and unidentified crustaceans were secondary prey items. In the two trawled gulfs a wider array of prey categories contributed to the diet (Fig. 3B) In the trawled gulfs pelagic fish contributed less to the diet of larger hake (25.00%N and 17.55%N in GTERM and GSANT, respectively, for S. pilchardus pooled with E. encrasicolus) and were followed by decapod crustaceans and by the benthopelagic fishes L. suerii and Trachurus trachurus. Unidentified fish were abundant in the stomach contents from both trawled gulfs.
CCA ordination and multivariate comparison
The first axis of CCA ordination, performed on all stomach samples from the three gulfs and for the three size classes, explains 20% of variance (Fig. 4) and is positively correlated with the factors Trawl (R=0.39) and Size (R=0.51). The second axis explains 16% of variance and is negatively correlated with Trawl (R=-0.21) and positively correlated with Size (R=0.14). The plot shows a segregation of samples into two groups: one group on the left includes samples of size class I from the three areas. Prey correlated with this group were euphausiids and the mysid L. typicus. The same group, at the top, contains samples belonging to size classes II and III from the trawled gulfs and a part of samples belonging to size class III from GCAST. Prey correlated with these samples were decapods (C. crassicornis and Solenocera membranacea) and fish (T. trachurus and L. suerii). In the second group, on the right side of the plot, samples of class III from GCAST were present. These samples were clearly correlated with S. pilchardus, E. encrasicolus and S. aurita.
PERMANOVA showed a significant difference between untrawled and trawled areas (Table 2B) and among size classes, while no differences were found among gulfs. Furthermore a significant interaction between the factors Trawl and Size was found. The pairwise comparison performed on size classes II and III (Table 2B ) showed a multivariate difference between the diets of hake from untrawled vs. trawled areas, but not in the diets of class I hake. Furthermore, the pairwise comparison performed on size classes in GCAST showed a significant difference between class I and classes II-III, while no difference resulted from size classes in the trawled gulfs.
Comparison among ecological categories and niche breadth estimates
As for the per cent contribution of ecological prey categories to the diet, the trend resembled that observed in the stomach content analysis at species level: for class I hake PPI represented the main food item (58% to 71%) in each gulf, while the other categories contributed less than 15% (Fig. 5a ). PPF were the most important category for class II hake at GCAST (40.3%) followed by LLSBC (15.3%); LLSBC and SLSBC were mainly consumed at GSANT (30% and 20%, respectively), while PPI, SBSF and SLSBC mostly contributed to the diet at GTERM (from 20.8 to 21.8%) (Fig. 5b) . Similarly, PPF dominated the diet of class III hake at GCAST (74.4%). In the trawled gulfs the contribution of PPF decreased (26.3% in GSANT, 37.5% in GTERM), while that of SLSBC increased (22.8% in GSANT and 22.7% in GTERM). In GSANT an increase in the contribution of LLSBB (21.0%) was also recorded.
A more diverse diet was observed in class I hake in GSANT and GTERM, where on average 17 and 13 different taxa were found, respectively, in stomach contents, while 10 taxa were found on average in GCAST (Table 3) . A very narrow niche breadth with a B index ranging from 0.08 to 0.19 was found for class I hake in the three gulfs, indicating a specialized foraging strategy in juveniles (Table 3 ). Higher B values were found in class II hake: individuals from GSANT had a wider niche breadth (B=0.55) than those from GTERM (B=0.40) and GCAST (B=0.37). Class III hake in GCAST had a narrower niche breadth (B=0.24) than those in the trawled gulfs (GSANT B=0.57 and GTERM B=0.60).
Stable isotope analysis and trophic level estimates
Overall, there were an increase in δ 15 N and an enrichment in δ 13 C with size in all gulfs (Table 3 ). δ 13 C values in hake of all size classes from GTERM and GSANT were generally more enriched (i.e. less negative) than those in GCAST. The same trends were observed when δ 13 C lipidfree values were compared. Since the values obtained by model 1 and those generated by model 2 were similar (Table 3 ) and did not differ statistically, we decided to use model 2 for further lipid corrections of δ 13 C values of prey in the mixing models (see below).
Trophic levels of hake estimated on the basis of δ 15 N values were generally lower than those calculated with TrophLab (Table 3) . Lower trophic levels were obtained with the first method in GCAST because of the higher value of the baseline.
δ 15 N values of hake did not vary significantly between untrawled and trawled areas, while there was a clear effect of size, with larger individuals being significantly more enriched than smaller ones (Table  4) . No significant differences occurred among areas and for the interaction terms (Table 4 ). δ 13 C values varied significantly among size classes and areas and in the interaction between Trawl and Size (Table 4 ). δ 13 C values increased (i.e. were more enriched) with size at GCAST, while δ 13 C values were significantly more enriched in medium and large individuals than in juveniles at GTERM and GSANT (Table 4 ). The same output was obtained when one-way PERMANOVA was run with δ 13 C lipidfree values (results not displayed).
Mixing models
Mixing polygons were established for each gulf and size class by plotting the δ 13 C lipidfree (1‰ fractionation assumed) and δ 15 N values (3‰ fractionation-corrected) of potential dietary components. The results from the mixing model agree fairly well with the stomach content data for each size class in each area (Table 5) , although marked differences occur regarding the contribution that each prey gives to the predator diet. The results of the mixing models concentrate on diet components that showed the most constrained solutions. In general class I hake relied on suprabenthic/planktonic resources. In GCAST they used small amphipods (such as Ampelisca spp., 21%) euphausiids (31%) and pandalids (38%); in GTERM, they used mainly copepods (42%) and Alpheus glaber (42%); in GSANT they used A. glaber (23%), pandalids (49%), euphausiids (21%) and mysids (10%). Class II hake still consumed pandalids (13% in GTERM, 23% in GCAST and 15% in GSANT) and A. glaber (13% in GSANT and 16% in GCAST), but they also relied on fish. In GTERM gobiids were the main contributors to the diet (76%), while in GCAST and GSANT hake preyed on clupeoids (31% and 20%, respectively) and Cepola macrophthalma (20% at both locations). Class III hake fed on pandalids and A. glaber, although in a lower amount. Clupeoids constituted about 30% of the diet, together with C. macrophthalma (ca. 25% at GCAST and GSANT), gadids (22% in GTERM and 15% in GCAST) and Serranus hepatus (19% in GTERM and 22% at GSANT).
DISCUSSION
Density and population structure
The overall abundance of hake in the untrawled area was seven times higher than that in the trawled gulfs. Fewer fish in GTERM and GSANT is an expected result, given the importance of hake as a target commercial species, a fact that is also reflected in its declining abundance in Mediterranean fisheries (Fiorentini et al. 1997) .
Comparison of length-frequency distribution and density data between size classes clearly highlighted the effect of protection on the hake population in GCAST. Smaller size classes ranging from 50 to 130 mm TL were more abundant in GCAST than in the trawled gulfs, although the differences were not significant because of high among-haul variance (Fanelli et al. 2010) . In this case, the reduced fishing mortality in the untrawled area might have increased the recruitment rate of the hake population, as has been observed for the common pandora (Pagellus erythrinus) (Fanelli (Fiorentino et al. 2008) . Also, the higher density of larger specimens in GCAST agrees with previous findings on fish stock recovery after a trawling ban (Piet and Rijnsdorp 1998 , Pipitone et al. 2000 , Jaworski et al. 2006 .
Diet composition
Our results on stomach content analysis confirmed that hake is an active predator of motile fish and crustaceans (Carpentieri et al. 2005 , Bozzano et al. 2005 , Cartes et al. 2004 ). This study is also consistent with previous observations on the feeding habits of hake, which indicated a mixed diet based on pelagic as well benthic organisms (Bozzano et al. 2005 , Carpentieri et al. 2005 and highlighted ontogenetic changes in the diet of hake, which cause a change in trophic level during ontogenetic development. Sizerelated changes in the diet are also important for other species of the genus Merluccius (Macpherson and Roel 1987) .
The diet of hake shifted from euphausiids, consumed by smaller individuals, to a dominance of fish consumed by larger hake. Medium-sized individuals showed more generalized feeding habits, with a dominance of benthic and nektonic decapods and fish. These differences may be associated with different spatial distribution or genetic needs (Jukic and Arneri 1984, Velasco and Olaso 1998) . The main prey of smaller hake, namely the euphausiid Nyctiphanes couchii (Fanelli, pers. observ.) , is a school-forming planktonic crustacean that carries out vertical migrations (Casanova 1970 , Franqueville 1971 Vallet and Dauvin, 2001) , rising towards the surface at night to feed on phytoplankton and sinking deeper during daylight (Buchholz et al. 1995) . Juvenile hake may follow such migrations, moving from near the bottom to midwater at night (Froglia 1973 , Papaconstantinou and Caragitsou 1987 , Orsi Relini et al. 1997 . Oblique displacements of medium-and large-sized hakes were suggested by Cartes et al. (2004) to be explained by feeding on the benthopelagic shrimp C. crassicornis, which was found in hake stomachs and was distributed deeper than hake in daylight samplings. Finally, the shift to an ichthyophagous diet observed in this study in medium-to large-sized individuals might be related to a change in trophic requirements, that is, an increase in energy demands for gonad development (Ross 1978 , Carpentieri et al. 2005 .
Spatial variation in diet composition according to size class
Important variations in the feeding habits of hake among the three gulfs were recorded in this study. Differences mostly concerned medium-and largesized specimens, the diet of juveniles being more homogeneous in the three areas. While the diet of class II-III hake in the trawled gulfs was more generalist, with a large proportion of decapods and of nektobenthic and pelagic fish, in the untrawled area hake consumed mainly pelagic fish, especially S. pilchardus. It is well know that the abundance of clupeoids depends on seasonal primary production as well as on local oceanographic features that may enrich water trophism (Palomera et al. 2007) . Unfortunately, no data on the abundance of clupeoids in the study area were available for the study period. Moreover, all gulfs had a similar trophic condition (Fanelli et al. 2011 ) and all fish samplings were made in the same month, so other unknown factors might explain the higher feeding pressure of hake on small pelagic fish in GCAST. Two hypotheses may be formulated on this finding. First, an exceptionally high abundance of clupeoids in the area in 2005 (partially confirmed by stable isotopes analysis, see below) and, second, a stronger intra-and interspecific competition for food in the untrawled area due to higher abundance of fish, which pushes hake to exploit different-usually less used-resources (pelagic fish in this case). As a consequence of the long-lasting trawl ban (15 years at the time of sampling) the abundance of hake and many other demersal fish in GCAST, including benthic predators such as red mullet and pandora, is considerably higher than in the trawled gulfs (Badalamenti et al. 2008, this study) . This may have led to increased interspecific competition for resources, as observed in other untrawled areas (McClanahan et al. 2007) , and to stronger intraspecific competition, as evidenced by CCA analysis. Instead, in the plot some points belonging to class III hake from GCAST were allocated in the area of clupeoid prey while others were allocated in the area of benthic and benthopelagic prey.
Comparison between ecological categories and niche breadth
Grouping species on the base of ecological categories is a procedure widely used for a better understanding of functional processes in natural systems (Root 1967 , Hajisamae 2003 , Koslow 1997 , Cartes et al. 2002 , Auster and Link 2009 ). In the Mediterranean, feeding guilds were successfully used to investigate the trophic patterns of different ecosystems (Cartes et al. 2002) , and used in the continental shelf of the NW Atlantic to assess functional changes in the food web structure (Auster and Link 2009) . Generally, the interpretation of data grouped in categories has the main objective of reducing complexity and identifying general patterns. According to our results, ecological categories helped to emphasize diet differences among gulfs, particularly for medium-and large-sized hake. Individuals of class II from trawled gulfs fed on short life span benthic carnivores (mainly benthic decapods) more than those in the untrawled gulf. This is in agreement with the higher abundance of decapod crustaceans (mainly represented by the penaeid shrimp Parapenaeus longirostris) recorded in the trawled gulfs (Badalamenti et al. 2007) and with their generally higher density in heavily trawled areas than in less fished areas (Demestre et al. 2008 , Carpentieri et al. 2005 .
The higher proportion of long life span benthic carnivores (mainly composed of fish) in the diet of class II-III hake from GSANT was surprising, considering the high trawl intensity in this area. About 50% of this category was represented by the gobiid fish L. suerii, a small, highly motile burrowing predator. This species is among the preferential preys for adult scaldfish (Arnoglossus laterna) and common pandora (P. erythrinus) in GTERM and GSANT (Fanelli et al. 2009b , Fanelli et al. 2010 and it is hardly affected by trawling . Indeed, this small fish is more abundant in both trawled gulfs (1.4 ind./100 m 2 in samples collected with a Macer-GIROQ sledge) than in the untrawled gulf (0.3 ind./100 m 2 ; Fanelli et al. 2010) , and is also abundant in trawling grounds of the Catalan Sea (de Juan et al. 2007a) , probably indicating that it is able to avoid the direct impact of trawl nets to some extent. With regard to the high abundance of suprabenthic suspension-deposit feeders in GTERM, it has been demonstrated (Cartes et al. 2007 , Fanelli et al. 2011a , Ligas et al. 2009 ) that suprabenthos is hardly affected by trawling. Thus, it is reasonable that in the absence of more energetic benthic pelagic prey in GTERM, hake feed mainly on suprabenthic resources.
The effect of the trawl ban on the isotopic composition and trophic level of hake
Stable isotope analysis only partially confirmed the results obtained from stomach content analysis. δ 15 N values were similar for the three size classes in the three gulfs, with no significant differences between trawled and untrawled gulfs. A similar result was found by Badalamenti et al. (2008) , who detected a significant difference only in one limited geographic sector, where δ 15 N was higher in GCAST. In general δ 15 N values were typical of a species feeding on benthopelagic resources, which normally did not display high δ 15 N values, unlike benthic predators (i.e. red mullet, Badalamenti et al. 2008; common pandora, Fanelli et al. 2010) .
Conversely, δ 13 C values were generally more depleted (from -19.9‰ in smaller hake to -18.4‰ in larger hake) in the untrawled area than in the trawled areas (from -18.5‰ to 17.7‰), according to higher consumption of pelagic prey in GCAST (euphausiids and mysids in small hake, clupeoids in larger ones), which displayed more depleted δ 13 C values (Pinnegar and Polunin 2000 , Fanelli et al. 2009a , 2011a , 2011b .
In agreement with Badalamenti et al. (2002) , δ 15 N values increased with size in all gulfs. This is consistent with the dietary ontogenetic shift observed for this species through stomach content analysis (Carpentieri et al. 2005 ; this study): smaller hake preyed mainly upon euphausiids and mysids (mean δ 15 N from 4.2‰ to 6.5‰, Fanelli et al. 2009a Fanelli et al. , 2011a , while larger individuals preyed upon fish, mainly clupeoids (mean δ 15 N from 7.2‰ to 7.8‰: unpublished data).
The trophic level of hake calculated with TrophLab displayed higher values than those obtained from stable isotope analysis. This may be attributed to the fact that TrophLab assigns a high trophic level to fish prey regardless of their habitat and hence of their diet (i.e. benthic or pelagic). Badalamenti et al. (2002 Badalamenti et al. ( , 2008 and Fanelli et al. (2010) demonstrated that in littoral systems the trophic level of benthic fish such as red mullet and common pandora, which prey upon carnivore polychaetes, is close to that of larger piscivorous predators. Conversely, pelagic food webs are relatively simple (Bode et al. 2007 , Fanelli et al., 2011b and small pelagic fish such as clupeoids, feeding on zooplankton, exhibit lower δ 15 N values than fish from benthic and suprabenthic assemblages that belong to more complex food webs organized into at least three trophic levels (from deposit feeders to carnivores: Carlier et al. 2007 , Fanelli et al. 2009a , 2011c , with small fish occupying the same trophic level as carnivorous polychaetes or small decapods.
Mixing models, carried out on stable isotope data for the main potential food sources, indicated mysids, euphausiids and pandalids as a major food source for smaller hake in the three areas, while A. glaber dominated their diet in GTERM and GSANT, according to their higher abundance in the two trawled gulfs (Fanelli et al. 2010) . Conversely, the small amphipod Ampelisca sp., which is a filter/suspension feeder (Scipione 1989 ) more susceptible to trawling activities and consequently more abundant in the untrawled gulf, was confirmed as a major prey item for juvenile hake in GCAST.
Clupeoids (S. pilchardus, S. aurita and E. enchrasicolus) were mainly consumed by medium-sized hake at GCAST and GSANT. However, unlike the results of stomach content analysis for GCAST, other prey such as pandalid shrimps and A. glaber seemed to be important in the mixing model output. Thus, the high consumption of clupeoids observed in the diet of medium-sized individuals in GCAST seems to be a "snapshot" of hake diet in time and space due to the high abundance of such small pelagic fish in late spring-early summer (Basilone et al. 2004 ) rather than a time-integrated vision of the diet over a larger period, as offered by stable isotopes analysis, which is much less subject to seasonal bias. Finally, predation by larger hake on clupeoids suggested by the mixing model was as high in GCAST as in the trawled areas, again in contrast with the results of stomach content analysis, which highlighted an almost exclusive consumption of S. pilchardus in GCAST. This inconsistency could be due to a different seasonal abundance peak of clupeoids in the three areas as a consequence of different peaks in the primary production, which occurred in February 2005 in GCAST and in January 2005 in the other two gulfs (data source: http://reason.gsfc.nasa. gov), with possible temporal differences in the peak availability of clupeoid prey in the three areas.
CONCLUSIONS
This study confirms previous findings on the feeding habits and ontogenetic shift in the diet of hake. In this study we have investigated the possible diet variations in areas subject to different fishing pressure. Although some significant differences between untrawled and trawled areas were found in the diet of medium-and large-size hake, which are the size classes most affected by trawling activity because of their higher catchability, it is difficult to attribute these differences directly to the effect of the trawl ban in GCAST. The initial hypothesis formulated for class II hake may be accepted, since it appeared that nektobenthic crustaceans, abundant in the diet of specimens from trawled areas, were favoured by trawling activity. Conversely, it is hard to demonstrate the hypothesis formulated for class III and further study, encompassing temporal replicates of both stomach content and stable isotope analyses, is therefore required. Finally, while abundance and population structure of hake are clearly related to trawling disturbance, the analysis of diet and trophic level seemed to be less effective in assessing the effect of fishery pressure on this species. 
